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TKEPRESSUREDISTRIBUTIONOVERA DOUGLASWIITGTIP

ON A BIPLANEIITFLIGHT. -

By RichardV. Rhodeand~ICgeneE. Lundquist. -.

—
Thisnotepresdntstheresultsobtainedinpressuredis-

tributiontestson therightupperwingpanelandtipof a

DouglasM-3airplanein flight.Thesetestsarea partof a more

extensiveinvestigationof theeffectof changesin tipshape

on theloaddistribution,thetipreportedhereinbeingthe

firstof a seriesof sixshapesbeingtested.

Theresultsaregivenin tablesandcurvesin suchform

thattheloaddistributionforany“conditionsmaybe determined

easily.

TestsweremadeatLangleyFieldby theNationalAdvisory

CommitteeforAeronauticsin thespringof 1930.

Introduction
.

.
r

Thedistributionof loadoverthetipsof airplanewings,

andtheinfluenceof suchloadson thestressesin thespsxsis

perhapsof as greatimporte~ceinthewingdesignas anyother

phaseof loaddistribution.Verylittlecorrelatedor systemat-

ic dataonthedistributionof loadoverwingtips,however,ex-

1
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is-t,andthecommonpracticein wingdesignisto assumea ~itip

10SS1lorreductioninloadat thetipwhichisbasedon early

‘ wintiunneltests. Thesetestsweremadeon m airfoilwith

squsxetips,andwereconductedin sucha mannerthattheresults

aresomewhatopento question.Latertestshavebeenmadeon

wingswithotherformsof tip,buttheresultsof thesetests

eitherme incompleteorhavenotbeencorrelatedto thepoint

ofusefulnessin design.

Inview,therefore,of theiniportanceofwingtiploads,

andof thelackof systematicor reliableinformationconcerning

suchloads,an investigationin flightof thepressuredistri-

butionoverwingtipshasbeenundertakenby theNationalAd-
.

visoryCommitteeforAeronauticsat LangleyField,Virginia.
. Thisinvestigationis outlinedto includepressuremeasurements

on theright.upperwingpanelof a DouglasM-3airplanewith

severalvariationsintipplanform,systematicin themain,

but alsoincludinga fewoddshapes,eitherbecausesuch

arecommonlyused,orbecauseof thefacilitywithwhich

formscouldbe includedin theprogram.

forms

such

Theb!-3 airplanewaschosenon whichto makethetests,

largelybecauseit wasthe only oneavailableat theLaboratory

forthesetests. Thechoice,however,WaSparticularlyfortu-

natebecauseof thecommonformof

whichemploystheClarkY airfoil,

to unity,no stagger,no decslage,

wingcelluleon thisairplane

a gap–chordratioveryclose

andno overhang.Theresults

t
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therefore,havea wideapplicability.

Thepresentnoteincludestheresultson thefirsttiptest-

ed,whichis called,forconvenience,the“.DouglasTipjllsince

it is thetipdesignedfortheM-3airplane.Theresultsfor

theothertipswillbe presentedinnoteformas theinformation

is obtained,andtheresultsforsJltips,finally,will be in-

cludedandanalyzedin a completereporton thisinvestigation.

MethodandAppsxatus

TheM-3airplaneusedin thesetestsis a normalbiplane

with,however,an aspectratiosomewhathigherthanusual. The

characteristicsof thisairplanearegiven,in TableI. The

shapeof thewingtipplanformisgivenin Figure1 andTable

11,andtheribprofilesin Figure2 andTable111. Thewings

werenormallyriggedto obtaingoodflyingqualities,a weight

beingplacedin thelowerleftwingpanelto balancetheweight

of thepressuretubesinstalledintherightupperpanel~ A

-slightwashoutin theright-handcelluleexisted,however,which

is recordedin Figure3. Itwillbe noticedthatat thetip

‘Itwistis shown.an ‘aerodynamic Thistwistarisesfromthe

changeinribprofileat thetipsectionsresultingin a vsXia-

tionof theangleof zeroliftalongthespannearthetip- It

was computedaccordingto themethodgivenby Munkin.National

AdvisoryCommitteeforAeronauticsTechnicalNoteNo.122.

In additionto theriggedtwist,a slightamountof nega-
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tivetorsionaldeflection,or washout,existedas a resultof

theaerodynamicloadsin flight.Theamountof thisdeflection

at theinterplanestrutswasmeasuredin steadyglidesby means

of a surveyorslevelsightedon a boomattachedto thesestruts,

the appliedloadfactorbeingequalto thecosineof theflight
Lpathangleor,therefore,verycloseto~, sincetheflight

pathanglewasneverlarge. Theamountof thisdeflectionis

showninFigure4. Duringthepressuremeasurements,however,

themaneuversweremadewithsuchconsiderationto airspeed

andappliedloadfactors,thatthedeflectionwasnevermore

thanfl.2°,andusuallylessthan~l”. The influenceof thistor-

sionaldeflectionon theresultspresentedis,there$ore,very

slight.

Theappsxatususedin thesetestsconsistedof an N.A.C.A.

recordingmultiplemanometerto whichpressureorificesin the

wing(TableIV andFig.1) wereconnectedby meansof eluminum

tubes,an air-speedrecorderwitha swivelingPitotheadmount-

ed on a boomabout~9chordlengthforw~d of thelowerwingat

thestrut,an accelerometermountedat the . .,anda control=/#
positionrecorder.Theseinstrumentsareallphotographically

recording,electricallyoperatedon thesamecircuit,andsyn-

chronizedby meansof a timerwhichcausesgridlinesto be im-

posedon allrecordssimultaneously.

Theeffectsof temperatureon therecordinginstruments

usuallyareso greatthatappreciableerrorsexistin themeasure-
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ments,unlessthetemperatureis controlled.Thesizeof the

M-3 airplane,however,madepossibletheinstallationof these

instrumentsin an insulatedcompartmentwhichwaskeptat a con-

stanttemperatureby meansof an electricalheatercontrolled

by a thermostat,andderivingene~gyfroma generatordrivenby

theengine.Priorto eachflight,theheaterwasconnectedto
/4!!

am externalsourceof electricalenergyforabout= hour_

_ in orderto allowthe=instrumentsto reachequilibriumat

a constanttemperature.By thismeanstheaccuracyof themeas-

urementswasconsiderablyincreased.

Calibrationsof themanometerweremadefrequentlyduring

thecourseof theteststo insurefurtheraccuracy.Theair-

speedinstallationwascalibratedovera measuredcourse,and

it wasfoundthatwiththePitotheadmountedon a boomforward

of thewingabout~9chordlength,theinterference

waspracticallyeliminatedat allanglesof attack,

effectbeingto reducethemeasuredairspeedabout

at anglesnearmaximumlift.

of thewings

themaximum

3.3percent

A considerableproportionof therunsmadewerein steady

horizontalflight,althougha numberofpull-upsmeremadeto

insureattainingmaximumliftas wellas to detectanyeffect

causedby pitching.Theairplanewasalsopushedintovertical

divesforshortrunsto obtainmeasurementsinconditionsnear

zerolift,carebeingtakento avoidhighspeeds.

t

.
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.

Precision

Theprecisionof thesetestsisbelievedtobe muchbetter

thanthatof anypreviouspressuredistributiontestsmadein

flight.Thetemperatureof theinstrumentswasmaintainedcon-

stantwithin@5°JAe.g~

anytemperatureeffects

tionsshowedvariations

F~ , whichentirelyeliminated

orl theinstruments.Frequentcalibra-,

withinabout2 per cent,butthecsli-

‘brationtakennearestanysetof testrunswasusedinworking

up thedata,sothaterrorscausedby agingof theinstruments

wereprobablylessthanthe2 per centindicated.Theair-speed

calibrationwasusedforalllevelflightruns,anderrorsin
● thismeasurementwerereducedto within1 percentinthese

cases,althoughat thehigheranglesof attackin thepull-ups,.
wherethecalibrationcouldnotbe useddirectly,errorsin

air speedmaybe ashighas 2 per cent. Thedeterminationof

maximum CN may,therefore,be in errorby asmuchas 4 per

cent,althoughno erroris introducedintherelationsbetween

thecoefficientsgivenin thefinalresults.A goodideaof the

accuracyof thefinalresultscanbe obtainedby notingthesmall

dispersionofpointsin Figures6 and7, whichareincludedfor

thispurpose.

t

,
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Results

Theres~~ltsaxegiveninFigures5 to 9, inclusive,andin

TablesV, VI, andVII. Figure5 showsrepresentativepressure

plotsthroughouttherangeof c~ investigated,thepressures

forthesecasesbeingta~latedinTableV. Thefinalsnduse-

fulresultsaxegivenin Figures8 and9, whichshowthevsxia-
..— c-tionof rib CN withwing CN, andthevariationof rib(&j] ~-

withrib CN, respectively.Thesecurveswereallestablished

by a largenumberofpoints,as inFigures6 and7, thepoints

beingomittedto avoidconfusion.Thecurvesfortherootsec-

tionwereobtainedby extrapolatingspan-CNcurvesandspan-~

curvesfroma largeamountof data,theextrapolatedvalues

fa31ingon thecurvesof Figures8 and9 withonlyslightlyless

consistencythanthemeasuredpointson theexperimentalcurves.

Theyarebelievedto be quitereliablealthough,inviewof the

extrapolation,they~e to be consideredas representativeof the

virginwingunaffectedby fuselageinterferenceor slipstream

effects.

TablesVI andVIIgivecoordinatesof thecurvesof Figures

8 and9, sothatthesecurvesmaybe reconstructedon a l=ger

andmoreaccuratescalethanispracticabletoprint. To use

thesecWVes, fOrmy wing C; (orpracticallyspeakifig,for

anywingliftcoefficient),thespan-cNdistributionmaybe ob-

tainedfromFigure8 by plottingthecorrespondingvaluesof rib



N.A.C!.A. TechnicalNoteNo.347

c~ at theirproperlocationson thespanbaselineas deter-

minedfromFigure1. Thevaluesof rib ~~~ correspondingto
d

thesevaluesof rib CN may

the centerofpressurelocus

8

be determinedfromFigure9, and

canthenbe drawnfromtherelation
CM

cp=~. To obtainthespan-loaddistribution,

of thespaJ&CNcurvemustbe reducedat thetip

ratioasthereductionin chordlength.

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,July28,1930.

theordinates

in thesame



● N.A.C.A.TechnicalNoteNo.347 9

%’ TABLEI.

Characteristicsof DouglasM-3Airplane

Type. . . . . . . . . . . . . . . . . . . . . . . Eiplane

Airfoil.. . . . . . . . . . . . . . . . . . . . . ClarkY.

Span(upperandlower) . . . . . . . . . . . 45 ft.10 in.

Chord(upperandlower) . . . . . . . . . . . 5 II 8 n

Gap. . . . . . . ... . . . . . . . . . . . . . 6 l! O ‘~

Stagger . . . . . . S. . . ... . . . . . . . . . . . None

C.G.inpercentof chord. . . . . . . . . . . . . . 29

Areas:

Halfupperwingincludingaileron. . . . . 126,4sq.ft.

Halflowerwingincludingaileron . . . . 126.4 ‘i

Totslwtngarea. . . . . . . . . . . . . . 505.6 II

Horizontal.tailsurfaces. . . . . . . . . . 58.0 “

Vertical.tailsurfaces. . . . . . . . . . . 17.7 “

Weightduringtests . . . . . . . . . . . . . . 4840lb.

Engine. . . . . . . . . . . . . . . . . . . . Liberty

Ratedhorsepowerat 1~50r.p.m. . . . . . . . 420

Powerloading.. . . . . . , . . . . . . 11.52lb.perhp

Wingloading.. . . . . . . . . . . . . . 9.57lb.per sq.ft.
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TA2EL11. Coordinatesof IfingTipPlanJ?orn(feet)

0.200.400.600.801.001.201.50Sectionfrom extremetip .00

Distancefrom line‘X-Xnto
{

L.E.tipcurve2.04
T.E.tip curve2.04

.95 .66 .44

3.123.603.95

.28 .16 .08 .01
4.224.484.694.94 El

TABLE II (cent.)

Gectionfrom extremetip 1.80 2.70

.00

5.553
3.003.30

.00 .00

5,625.66
+33.603.90

.00 ●00I {L.E.tipcurve .00
Distencefrom line “X-XHto ~.E.tipcurve5.15

●00 .00.

5.325.45
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TABLE III. Ordinatesof PressureRibs
Btation

$ :Cordup;::
.00 3.50

1.25 5.45
2.S2 6.50
5.00 7.90
7.50 8.85
10.00 9.60
15.00 10.685
20.00 11.36
30.00 11.70
40.00 11.40
50.00 10.515
60.00 9.148
65.00 8.30
70,00 7.35
80.00 5.216
’90.00 2.802
95.00 1.494
LOO.00 .12

Lover
3.50
1.93
1●466
.933
.628
.42
.15
.033
.00.
.00

.00

.00

.00

.00

I I

Rib A
lpper
3.49
5.56
6.52
8.00
9.05
9.74
LO.76
U.26
1.1.73
1.1.36
U).48
9.19
8.27
7.36
5.33
2.ao
1.52
.23

-

lower
3.49
1.93
1.47’
.97
.65

::
●09
.00
.00

.::
.00

:%
-.05
-.09
-.23

1 I

Ri
Jpper
-z-m
5.34
6.38
7.90
8.91
9.65
LO.67
!1.26
L1.81
11.40
LO.58
9.42
8.54
7.68
5.65
3.31
2.02
.74

B ~i

lowerUpper
3,36 3.49
1.79 5.42
1.33 6.43
.83 8.00
.28 8.96
.32 9.65
.14 10.62
.0511.26
.00 11.81
●05 11.46
.03 10.58
.08 9..25
.09 8.45
.08 7.67
.18 5.70
.23 3.31
.14 2.02
.00 .65

Note.- All ordins,tesgiven are in per cent of chord.

*

c R5.I
lowerUpper
3.49 3..56
1.84. 5.53
1.38 6.56
.87 8.11
,46 9.14
.32 9.84
.18 10.74
.05 11.15
.00 11.62
.00 11●30
,05 10.40
.14 9.09
.14 8.38
.14 7.46
.23 5.25
.18 3.04
.08 1.87
,00 .75

I

D
Lower

R!
1.50
.94
.56
.38
.23
.09
.00
●00
.05
.05
,09
.09
.23
.23
.09
.00

Rib E

T

JpperLower
4.37 4.37
6.1,4 2.40
6.76 1.93
8.02 1.30
8.80 .94
9.58 .63
LO.42 .31
LI.05 .10
L1.31 .00
L1.15 .00
LO.48 ●05
9.32 .05
8.75 .10
7.92 .10
5.89 .21
3.85 .42

.62
;;6~, .52

‘—

ml

Jpper
4.52
6.80
7.51
8.19
8.50
8.88
9.65
9.80
10.19
LO.03
9.57
8.73
8.19
7,76
6.50
4.82
3.90
2,99

F
iouer
4,52
3,14
2.52
2.14
2.07
1.92
1.46
1.15
.54
.15
●00
.00
.08
.15
.23
.23

;6?
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Orifice

1

2

3

4

5

6

~

8

9

10

TABLEIV. .

OrificeLocationsinper centChord

12

A

1*54

3.06

4.45

6.69

23.31

25.00

41,30

59●50

J’3.70

94.40

B.

1.4?

2.94

4.41

6.70

13.30

25.00

41.40

59,10

72.00

94.50

Rib

c

1047

3.02

4.49

6,69

13.30

25.00

41.30

58.80

y2.30

94.40

D

1.50

3,08

4.58

6.~5

13.59

25.50

42.10

60.10

73.50

92.30

E

2.58

4.33

7.25

12.66

17.6?

23.33

40.00

56,~5

73.33

93.58

F

6q13

9,80

17q16

24.50

44qlo

63.65

78.40

83s10

.

●
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TABLEV

RecordedPressuresinliultiplesof q

RunNo.66 WingCN= -0.080

Orifice

1.
2
3
4

;

:
9
10

t

Rib

A

-2.58
-1.96
-1.52
-1.01
- .44
.03
.26
●14
●14
●0?

-2.22
-1,96
-1038
-1.00
;57
●02
●21
,2’5
.12
●04

-2:39
-1,82
-1.41
-1.05
- .38
- .05
,16
.19
.14
●02

RunNo.G6 vWingCN= ‘.013
.

Orifice

1
2

9
10

A
-2.19
-1.68
-1.25
- .79
- .31

●10
.30
.16
.16
●07

B

-2.00
-1.66
-1.08
.79

- .40
●11
,24
.26
.13
●04

Rib

c
-2.02
-1.49
-1.15
- .82
- .24

●04
.20
.20
.20
●02

D

-2,72
-1;72
-1.23
.84

- ●33
o
.22
.13
,15
●03

E

-1.48
-1.20
- ,91
- .43
- i29
- .11
.08
.12
●09
.12

F

- ;76
.38

- ,15
~16
J06
40
:10
.13

D

-2.01
-1*47
- ,98
- ,63

●21
,05
.25
.15
.15
●03

E

-1.21
- .93
- ●68
- .28
- .20”
.03
●10
.13
●09
.12

F
- .61
- :22
- .12
- .11
.06
.0
●06
●O?
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TABLEV (cont.)

RecordedPressuresinMultiplesof q

14

RunNo.66 WingCN=~.095

Orifice
l--A’
-1.59
-1,22
- ,78
- ,38
- .04
,25
.42
q22
.18
,O?

Rib

B I c I D

-1.63
-1.26
- .71
- ,42
- .15
*25
.31
.28
.13
●04

-1;53
-1~11
- *?&

: :07
●16
,25
.23
.20
●02

-1?56
-1●09
- ,57
- .30
- .04
.16
●30
.17
●15
.03

●

✎

RunNo.66 WingCN=~.25~

E

-2),86
- ~65
- .46
- ●16
- .10
,07
,15
.16
●09
*11

Orifice
Rib

A B c

- .82 - .97 - .94
- .50 - .6? - ~60
- .27 - .23 - ,30
,Oa - .08 - .13
●30 ,10 .23
.48 .42 .34
.56 .42 .37
● 31 .35 .2B
.23 .16 ● 20
.08 .06 ●03

D

-1.08
- .55
- ?18
- .02
,15
.31
,38
●20
.18
●04

E

- .41
- .29
- .15
,:0:

.22

.25
,20
,11
● 11

F
-t3j36
- .10
0
- ●04
,10
0,
.06
●O?

F

- .08
●07
●14
.06
,13
,01
●o?
●09

.

.
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TABLEV (cont.)

RecordedPressuresinMQtiplesof q

RunNO.14 WingCN=~.33~

Orifice
+

I -—

1
2 0“ I -.21

.13

.48
*54
m57
.6>
,36

.14

.26

.34

.56

.50

.35
9 .26 I .18
10 ●09 .04

.

Run NO. 66 WingC~ = .523
.

Orifice

Rib

c!
-(5)47
- *18
.08
●15
.4-5
● 44
.40
.30
.21
●02

D

-ti67
- .17
.16
.24
● 31
.37
.44
●20
.18
s05

E

-a 12
- .04

●05
.17
,23
.30
.30
,21
.12
.10

1?

309
014
.27
● 13
●15
.08
● 07
,05

A
(2.67

●78”
.95
1.03
.96
.82
.78
●&4
.30
●09

B

(y.20
.46
:71
.79
●61
.76
●61
.44
●19
.06

●42
.60
.63
.74

.41 .40
●74 .38
●’70 .45
,55 ,43

.63
I

.53 I .4J
.52 “ .52 .39
.38
.25
.03

.27 .27
● 22 ,15
.06 .16

F
G 49
.38
.40
.25
.24
●02
●10
.14

.

r
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TABLEV (cont.)

RecordedPressuresinMultiplesof q

16

Run NQ.18 WingCN= .702

Orifice
A

TR-
1,57
105/3

Rib

D

--t

B c

1 1:19 1.06 ● 72
2 1,20 1,19 1,02
3 1.40 1.34 1.33

l.yo 1.37 1.24 1.20
: 1.41 1.10 1.13 ,88
6 1,09 1.03 .85 .74

.91 .74 .64 .61
$ ● 50 .Z9 .46 .30
9 .37 .25 .26 .25
10 I .11 [ ●11 I .02 I .08 I .15 I -

E F

.80
,68
,64
.44
●35
.04
.16
●20

.

Run No.3’3
.

Orifice

1
2

:

:
7
8
9
10

Wing GN = .966

Rib

A
3.12
2.86
2.74
2,49
2.02
1..44
1.12
.60
.39
●12

B

2.23
2.35
2.21
2.00
1.65
1.26
.92
.56
.28
.08

1,99“
2.11
1.~8
1.98
1,53
1*14
.79
.53
.36
●05

D

1*73
1.87
2.12
1.87
1.26
.96
.76
.39
.33
●12

E

1.80
1.68
1.30
1.14
,99
.90
.67
.45
.33
,22

F’

1.44
1,00
.96
.63
.50
.29
●34
.38

.

.
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TABLEV (cont.) 4

RecordedPressuresinMultiplesof q

.

.

RunNo. 73 WingCN= 1.225

Orifice
A B

4,72.
4.20
4.00
3.45
2.62
10?8
1.32

. ?2
●-4
.13

3.46
3.34
3.36
2.90
2.27
1958
1.12
.62
.32
●10

Rib

c I D
2.96
3,12
2.90
2.62
2.oy
1.46
.96
.61
.40
.64

2,63
2.77
2.95
2,53
1.72
1.22

.91

.48

.40

.16

E
2.58
2.38
1.91
1.58
1~36
1.20

● 86
.62
.46
● 30

F
1.94
1:42

F&n No. ?3 ‘WingCN= 1.418

I Rib
Orifice

A
1 5.21
2 4.74
3 4.”47

3.9G
: 3*19

2.13
! 1.49
8 .76
9 ● 47
10 ●l?

B c I D I E
4.33
4.30
4.11

.14

3.96
4.04
3.75
3.30
2.49
1,72
1.09
.68
● 43
.08

3.36
3*59
3.69
3.15
2.07
1.44
1.04
.56
.46
.19

3.27
2.97
2.39
1.95
1.63
1.42
1.05
.74
.58
● 3?

F
2,52
1.89
1,52
1,13

● 86
.62
.99

1021

.

.
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TABLEVI

Coordinatesof Curvesof Figure8

Wing
CN

- ,1
- ,05
?0

::
*3
04
,5
.6

1.4
. 1.47

RibCN
Root I A I B

-.110
-,050
+●010
.125
.240
.352
.468
.580
.690
..802
.912
1.034
10130
1..236
1.340
1.440
1..550
1.620

- ; 100
-,046
+.008
q111
,219
~325
.431
.538
.642
●’745
.850
.955
1.055
10160
1,.260
1-362
1..465
1..533

-;090
-,048
-0002
+q082

●1~1
.260
,350
.435
●530
.615
.702
.792
.880
.970
l,OGO
1.146
1.235
1.302

c

-;095
-.055
-.01?
+.Oyo
,152
.234
,319
●400
.482
~569
.650
,735
.820
.902
.985
lgoyo
1.151
1.210

D

-,095
-,060
-,025
s050
●124
,200
●276
●331
.427
.503
.582
.661
,741
●822
,905
..989
1.o~2
1,132

.E

-;091
-,060
-,031
+*030
.093
,158
.222
.286
,353
.4:’1
●430
.561
,641
.728
.820
.912
1.010
1.073

\

.F

-;065
-,050
-,030
+*O1O
.050
,090
,135
.180
.232
,288
,350‘
.426
*520
*623
.735
●860
.990
1.090
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Rib
CN

- .1
- j5

.1

.2

::
●5

:;
.8
●9
1*O’
1.1
1.2
1.3
1.4.
1.5
1.6

TABLEVII

Coordinatesof Curvesof Figure9

19

Root
-.04’7
-.059
-.071
-.094
-.118
-.142
-.165
-.188
-.212
-.236
-.259
-.283
-,306
-m329
-.353
-.376
-a400
-.424
-.44?

A
-.048
-,059
-.069
-*091
-*114
-.137
-.158
-.180
-.201
-.224
-.245
-.268
-,290
-.311
-.332
-.355
-.376
-.#o

Rib CM

B Ic
-,043I -0043
-.054
-.065
-.085
-.106
-.127
-.149
-.170
-.190
-.210
-,230
-:250

-.053
-.063
-,083
-.105
-,125
-,145
-.165
-.186
-m208
-.227
-.248

-.2?2 -.268
-.293 -.289
-,314

I
-,310

-.334

I
_.i_

D
-.034
-,043
-,052
-,075
-.095
-0118
-.140
-,164
-.188
-.211
-,235
-.259
-.284
-.308

E
-,034
~::$:

-*066
-●089
-.115
-.140
-.169
-,198
-.228
-.258
-,290
-.324
-.355

F
-.008
-*012
-,020
-B040
-.067
_co99
-.135
-0175
-●21?
-.261
-+307
-.355”
-.405
-.455
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CN=x180.

RunI!(o.66
Time2 seconds ~y+p~

Ftg.5a Pressuredistribution

Runwl.o.66
Time 1 1/2 seconds
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Fig,5b Pressure distributionC!J~=+-J.013. D
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